Results. Of 807 enrolled infants, 133 died before and 16 died after discharge. Five hundred seventy-nine (88%) of the 658 remaining infants were followed up. The primary outcome of NDI or death could be determined for 687 of 807 randomized infants (85%). Baseline characteristics and predischarge and postdischarge mortality were comparable in both study groups. NDI or death by 18 to 22 months occurred in 190 of 345 (55%) infants in the vitamin A group and in 204 of 342 (60%) of the control group (RR: 0.94; 95% confidence interval: 0.80-1.07). RRs for low MDI, low PDI, and CP were also <1.0. We found no evidence that neonatal vitamin A supplementation reduces hospitalizations or pulmonary problems after discharge. 
ABBREVIATIONS. ELBW, extremely low birth weight; BPD, bronchopulmonary dysplasia; NDI, neurodevelopmental impairment; NICHD, National Institute of Child Health and Human Development; RR, relative risk; CI, confidence interval; CP, cerebral palsy; MDI, Mental Developmental Index; PDI, Psychomotor Developmental Index. E xtremely low birth weight (ELBW; birth weight Յ 1000 g) infants are at high risk for mortality, bronchopulmonary dysplasia (BPD, neonatal chronic lung disease), and long-term neurodevelopmental impairment (NDI). ELBW infants are often deficient in vitamin A (retinol), 1 which may increase the risk for BPD. 2 Randomized, controlled trials and a recent systematic review demonstrate that vitamin A supplementation decreases BPD or death. [3] [4] [5] In a large trial conducted by the multicenter Neonatal Research Network of the National Institute of Child Health and Human Development (NICHD), 807 ELBW infants receiving respiratory support 24 hours after birth were randomized to sham injections (controls) or vitamin A at a dose of 5000 IU administered intramuscularly 3 times per week for 4 weeks. 4 Death or BPD at 36 weeks' postmenstrual age occurred in significantly fewer infants in the vitamin A group than in the controls (55% vs 62%; relative risk [RR]: 0.89; 95% confidence interval [CI]: 0.80-0.99) due to a decrease in the rate of BPD. 4 However, as emphasized by the experience with postnatal steroids and other interventions, it is important to ensure that the benefit of a neonatal intervention is not outweighed by longer-term adverse effects. 6, 7 It is also essential to identify longer-term benefits of a neonatal intervention. The objective of this study was to evaluate rates of death, NDI, and other adverse outcomes such as pulmonary problems and rehospitalizations before 18 to 22 months' adjusted age among infants who were enrolled in the NICHD vitamin A trial. 4 Our primary question was whether vitamin A administration had discernible effects on the likelihood of survival without impairment at 18 to 22 months' corrected age.
METHODS
The population was drawn from the cohort of ELBW infants who participated in the vitamin A trial 4 and were followed up at 18 to 22 months' adjusted age. Participation in the vitamin A trial 4 and in the follow-up program required informed consent from parents or caregivers and was approved by the Institutional Review Board of each center. During the follow-up visit, a comprehensive history, physical examination, and neurodevelopmental assessment were performed by trained and certified personnel 8 who were masked with respect to the infant's group assignment in the vitamin A trial. Neurologic assessments were done by the Amiel-Tison method. 9 Cerebral palsy (CP) was defined as a nonprogressive central nervous system disorder characterized by abnormal muscle tone in at least 1 extremity and abnormal control of movement and posture. The developmental assessment consisted of the Bayley Scales of Infant Development II. 10 A Mental Developmental Index (MDI) or a Psychomotor Developmental Index (PDI) of Ͻ70 (Ͼ2 SDs below the mean for normal infants) was considered abnormal. Infants with very severe developmental delay were assigned MDI and PDI scores of 49. Blindness was defined as blindness in both eyes, and hearing impairment was defined as having hearing aids in both ears. NDI was defined as Ն1 of the following: MDI Ͻ70, PDI Ͻ70, CP, blind in both eyes, or hearing aids in both ears.
The primary outcome, NDI or death, was assigned using data from all participants in the vitamin A trial. Infants who died before the follow-up evaluation and surviving children who had NDI at the follow-up evaluation were assigned as having the outcome; surviving children without NDI were assigned as not having the outcome. Children who survived but were lost to follow-up or followed but not evaluated completely for NDI were assigned as missing this outcome. Six neurodevelopmental binary outcomes were assigned for the children who completed the follow-up evaluation: (1) MDI score Ͻ70 vs MDI Ն70; (2) PDI score Ͻ70 vs PDI Ն70; (3) CP present or absent; (4) blindness present or absent; (5) hearing impairment: present or absent; and (6) NDI present or absent. Additionally, MDI and PDI scores were studied as continuous variables. Other outcomes were also assessed based on review of medical history as reported at the 18-to 22-month visit by the mother or the caregiver, including number of rehospitalizations between initial discharge to home and follow-up, current, regular, or intermittent use of diuretics or bronchodilators as of the follow-up evaluation, oxygen prescribed for home use or use in a chronic care facility, and oxygen still prescribed at followup.
Infants in the vitamin A and control groups were compared on baseline characteristics determined at study randomization, MDI and PDI scores, and each binary and ordinal outcome. Statistical significance for unadjusted comparisons of continuous variables, including MDI and PDI scores, was determined by Wilcoxon tests, and for categorical variables by Fisher's exact and 2 tests. RRs and 95% CIs were estimated for binary outcomes. For binary outcomes with at least 40 events, logistic regression models were used to make comparisons between the treatment groups adjusted for study center and birth weight strata (401-750 or 751-1000 g). Statistical significance was determined by Wald 2 tests, and adjusted RRs were estimated by correcting the odds ratios. 11 For binary outcomes with Ͻ40 events, RRs were adjusted for birth weight strata only, and statistical significance was determined using the Mantel-Haenszel method.
RESULTS
A total of 807 infants born between November 1995 and July 1997 participated in the vitamin A trial: 405 in the vitamin A group and 402 in the control group. Of these infants, 133 died before discharge and 16 died after discharge, leaving 658 surviving infants, 579 (88%) of whom were assessed at 18 to 22 months' corrected age. The follow-up rate (vitamin A: 87%; controls: 89%; P ϭ .6) and mortality (vitamin A: 18%; controls: 19%; RR: 0.95; 95% CI: 0.69 -1.28, P ϭ .7) were similar in the vitamin A and control groups. NDI could not be assessed for 41 surviving infants. Therefore, the primary outcome, death or impairment, at 18 to 22 months was determined for 687 of 807 infants (85% in both vitamin A and control groups).
Baseline characteristics of the vitamin A and control group infants at randomization were comparable for the infants who were followed up or who died before follow-up (Table 1) . Baseline characteristics were also comparable between the groups for the subset of infants who were followed-up (data not shown). Among those seen at the follow-up visit, 40 of 579 infants (7%) were not evaluated for MDI and 45 (8%) were not evaluated for PDI, mostly for reasons of mild/moderate sensory impairment, behavior problems, non-English-speaking family with no interpreter available, and intercurrent illness. Infants with severe developmental delay were assigned a score of 49, as described in "Methods."
In comparisons of all measured neurodevelopmental outcomes, no significant differences between the treatment groups were found (Tables 2 and 3) . Moderate/severe CP was 10% in both groups (RR: 0.99; 95% CI: 0.60-1.61; P ϭ 1.0). The incidence of blindness and hearing impairment was low in both groups and did not differ between the groups.
We found no evidence of benefit from vitamin A supplementation on pulmonary morbidity after discharge (Table 4 ). The point estimates for the RR were 1.86 and 2.80 for ongoing oxygen use and diuretics. CIs associated with these estimates were very broad because of the small numbers of infants in either study group with these adverse outcomes (Table 4) , and differences between the groups were not significant. Although no differences were found between the groups in the percent of children prescribed oxygen for home use or in the duration of oxygen supplementation, it is necessary to note that therapies being received at the time of follow-up at 18 to 22 months may be more likely to be reliably recorded than therapies initiated or discontinued soon after discharge home.
The presence of NDI at follow-up was associated with the diagnosis of BPD at 36 weeks' postmenstrual age: 54% of infants who had BPD developed NDI compared with only 37% of infants who did not have BPD (RR: 1.48; CI: 1.22-1.80; P Ͻ.001). . The strengths of our study include evaluation of a multicenter cohort of ELBW infants, with the primary outcome at 18 to 22 months determined for 85% of randomized infants, and the use of masked, certified examiners and reliable standardized assessment tools for multiple neurodevelopmental outcomes. The current study is important because it demonstrates that vitamin A is unlike postnatal steroids and other interventions that have been used for the prevention of BPD or other
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VITAMIN A AND LONG-TERM OUTCOMES adverse outcomes but were later shown to possibly have harmful long-term effects on neurodevelopmental outcome. 6, 7 The major limitation of our study is that the original trial was not designed to have high power to assess findings at follow-up. To confirm with 80% power that a reduction in the proportion of children with NDI of the magnitude observed in the vitamin A-treated group (5%) was statistically significant, we would have needed Ͼ1500 children in each group. Although our results are not statistically conclusive, it is reassuring that the RRs for NDI and * Deaths are reported among 807 children enrolled in the vitamin A trial. NDI is reported among children who completed follow-up and could be assessed for NDI, N ϭ 538. NDI could not be determined for 41 of 579 children who completed follow-up. NDI/death is reported among children who died prior to follow-up and those who survived and were evaluated for NDI at follow-up (see "Methods"). † RRs were adjusted for study center and birth weight strata (401-750 or 751-1000 g). ‡ P values from Wald 2 tests. other neurodevelopmental outcomes among vitamin A-treated infants compared with controls were all Ͻ1.0. A higher percentage of black children than white children was included in our study population. It is unclear whether this may affect the generalizability of our results to ELBW populations with different racial distributions. The efficacy of vitamin A supplementation in reducing BPD before nursery discharge has been well established. Vitamin A supplementation has been identified as a "potentially better practice" for the prevention of chronic lung disease based on level 1 evidence (strong evidence from at least 1 systematic review of multiple well-designed randomized, controlled trials). 12 The number needed to treat to benefit 1 infant (by preventing BPD) is 14, a smaller number than for many therapies such as diuretics and bronchodilators commonly used for premature and term newborns, older children, and adults. [13] [14] [15] A recent survey showed that most neonatologists in the United States do not supplement vitamin A to ELBW infants because they consider the benefit to be small or they do not appreciate the quality of the evidence supporting the benefit. 16 BPD and longterm neurodevelopmental morbidity are complex disorders, and it is unlikely that any 1 intervention would have a major impact on their incidence. It may not be reasonable to expect improvements in survival or morbidity of a magnitude such as those seen with antenatal steroids 17 or postnatal surfactants 18 for these disorders. In complex disorders such as BPD, it may be more reasonable to expect improvements in outcome to occur gradually, in small increments with treatment advances. The RR of 0.87 and the number needed to treat of 14, identified in the systematic review of all relevant trials, 5 indicates that vitamin A supplementation is an incremental advance in our progress in reducing BPD in preterm infants. Nevertheless, our findings and those of other studies 5, 16, 19 indicate a need to optimize the duration, route, and dose of vitamin A supplementation and better assess the effects during the neonatal period and at follow-up.
It is difficult to determine if the effects of vitamin A supplementation on neurodevelopment are independent of its effects on respiratory status in the neonatal period. NDI is of many causes. Similar to other investigators, 20, 21 we found that BPD was significantly associated with NDI at follow-up in this trial. Vitamin A supplementation may influence NDI indirectly through respiratory effects, perhaps by attenuating lung inflammation or cytokine release. Vitamin A may also have direct effects on neurodevelopment. Retinoic acid, the active metabolite of vitamin A, is essential for postnatal maturation of the cerebral cortex in animal models 22 and for development of the hindbrain and the visual and auditory systems. 23 Even in the mature brain, retinoic acid signaling has been localized to sites of functional or structural plasticity in the central nervous system. 24 Vitamin A deficiency, which is common in ELBW infants, may therefore contribute to neurologic sequelae. Additional follow-up of the infants, although not currently planned, may yield additional information on the neurologic sequelae of vitamin A deficiency and the effects of supplementation in ELBW infants. Vitamin A is also required for innate and adaptive immunity, 25, 26 and it is possible that vitamin A deficiency may increase the risk of sepsis or lead to lung and brain injury by accentuation of inflammatory processes and consequent cytokine release.
It is of interest that 20% and 25% of infants followed in the control and vitamin A groups, respectively, were on home oxygen for Ͼ6 months. More than 1 in 3 ELBW infants was also receiving bronchodilators at the time of the 18-to 22-month visit. It is difficult to arrive at valid conclusions from these observations in the absence of a common standard of practice or established guidelines on the use of home oxygen or respiratory medications; however, it may be justifiable to state that no marked improvements 
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VITAMIN A AND LONG-TERM OUTCOMES in postdischarge pulmonary outcome were noted after vitamin A supplementation in the neonatal period.
CONCLUSIONS
Vitamin A supplementation for ELBW neonates, an intervention shown to safely reduce BPD in the neonatal period, does not seem to adversely affect neurodevelopmental outcomes at 18 to 22 months. The overall findings of our trial and others indicate that vitamin A supplementation constitutes an advance in treating ELBW infants. It may, therefore, be considered reasonable to implement routine supplementation of vitamin A in ELBW neonates. Additional study is needed to optimize the duration, route, and dose of vitamin A supplementation and to better define its short-and long-term effects.
